Background: Presenteeism refers to the phenomenon of working while sick. Its development can be attributed to not only somatic symptoms but also underlying social agreements and workplace atmosphere. In this study, we analyzed presenteeism among workers from various industries, focusing on job-related stress with stratification on the presence of depression. Methods: We conducted the study with data from questionnaires filled in by different enterprises enrolled in the Federation of Korean Trade Unions. Workers' depressive symptoms were investigated using the Patient Health Questionnaire-2, while questions on job-related stress and presenteeism were derived from the short form of the Korean Occupational Stress Scale and the official Korean version of the Work-Productivity and Activity Impairment Questionnaire-General Health, respectively. Multilevel logistic analysis was conducted to determine the statistical differences derived from the differences between companies. Results: In total, 930 participants (753 men and 177 women) from 59 enterprises participated in the research. We conducted multilevel logistic regression to determine the association between the variables and presenteeism, with stratification by the presence of depression. Higher job demands and higher interpersonal conflict showed significantly elevated odds ratios (ORs) in univariate models and in the multivariate multilevel model. In the final model of total population, fully adjusted by general and work-related characteristics, higher job demands (OR: 3.29, 95% confidence interval [CI]: 2.08-5.21) and interpersonal conflict (OR: 1.87, 95% CI: 1.29-2.71) had significantly higher ORs-a tendency that remained in participants without depression. Conclusions: This study reflected the factors associated with presenteeism among workers from various enterprises. The findings revealed that job-related stress was closely related to presenteeism in both the total population and in the population without depression. Thus, it emphasized interventions for managing job stress among workers to reduce presenteeism in general workers' population.
The concept of presenteeism has been used to explain the phenomenon of working while sick [5] . Two different background conditions usually contribute to the development of presenteeism. One is workers' health problems including illnesses, subjective complaints, symptoms, or fatigue. According to prior studies, various health-related problems could cause presenteeism; musculoskeletal symptoms, respiratory infections, gynecological problems, and some kinds of chronic discomfort such as migraines have been reported as underlying causes of presenteeism [6, 7] .
However, existence of discomfort does not always result in presenteeism. If workers could take adequate rest instead of working, presenteeism would not occur. Therefore, the other condition is the underlying social agreement in society or the atmosphere in work environments which can make workers "choose" to work [8] . If sick leave was not permitted or guaranteed by law, or at least by social agreement, it would be difficult for workers to take leave from work when they are sick [9] . In addition, workers whose absence is directly related to a decrease in their income are less likely to take an appropriate amount of rest when they are sick [10] . Moreover, even though social or legal conditions are fully settled, workers may find it impossible to use their sick leaves in a rigid restricted working atmosphere [11] .
Psychological factors such as job-related stress or depression can be a leading factor of presenteeism [12] . Job stress has been known to bring negative health effects such as musculoskeletal disorders [13] , blood pressure elevation [14] , and poor sleep quality [15] . Depression can also negatively impact workers' health [16] . For instance, even mild depression can cause decreased attention span, increased irritability, and insomnia-all of which are well-known precursors to occupational injury [17] . Moreover, clinical symptoms can also attribute to increased presenteeism by keeping workers from using sick leave [18] .
Job-related stress and depression not only relate to presenteeism, but also have an association with each other [19] . Previous studies held in Korea investigated presenteeism among nurses [20] , railroad workers [21] , or counselors in call-centers [22] . Those studies attempted to demonstrate the relationship between presenteeism and job-related stress, depression, psychosocial well-being, or emotional labor; however, the interaction between job-related stress and other psychological factors was not fully considered. In our study, we aimed to investigate workers' presenteeism focusing on job-related stress, with stratification by the presence of depression using the data from different kinds of enterprises of different industries.
METHODS

Study participants
The analysis and investigation of this study were based on data collected by a preceding study jointly conducted by the Federation of Korean Trade Unions and Yonsei University in 2016. This study aimed to demonstrate the actual prevalence of presenteeism or absenteeism among workplaces enrolled in the federation, and understand the underlying psychosocial backgrounds of presenteeism or absenteeism. The study was based on a printed questionnaire, which contained questions for basic individual information, characteristics of enterprises, experiences of presenteeism or absenteeism, and experienced symptoms.
Covariates
The questionnaire sought to determine participants' demographic information such as gender, marital status, and age as well as health-related habits including smoking history and drinking habits. To investigate their working conditions, items on total weekly working hours, occupation, type of employment, shift work, tenure at the current workplace, and working position were surveyed by the self-reported questionnaire.
Depression
The Patient Health Questionnaire-2 (PHQ-2) was used to investigate the depressive symptoms of workers [23] . It is a brief survey that was designed for use in a busy clinical setting; it helps physicians easily evaluate patients' depressive symptoms. The PHQ-2 seeks information about the frequency of depressed mood and anhedonia over the past 2 weeks, with scores ranging from 0 ("not at all") to 3 ("nearly every day"). Thus, the PHQ-2 score can range from 0 to 6. According to the previous study, the PHQ-2 with this cutoff had a sensitivity of 87% and a specificity of 78% for major depressive disorder, and a sensitivity of 79% and a specificity of 86% for any depressive disorder [23]; therefore, it was regarded as the optimal PHQ-2 cutoff score [24] . Additionally, another study that tried to verify the reliability and validity of the Korean version of the PHQ-2, suggested the optimal cut-off point as 3, with 91.9% of sensitivity and 100% of specificity [25] . For this study, we set the cut-off point of the PHQ-2 score as 3, and defined "depression" as scoring 3-6 points and "no depression" as scoring 0-2 points.
Job-related stress
Although job-related stress can be evaluated according to several categories, 3 categories were investigated in this study: job demands, interpersonal conflicts, and job control. The questions for job-related stress were derived from the short form of the Korean Occupational Stress Scale (KOSS), and participants were able to choose 1 of 4 options per question. According to the researchers who collected this data, the federation requested a shorter questionnaire as participants usually refused to answer questionnaires comprising several pages. Because of this, the KOSS questionnaire was shortened and only a few aspects of jobstress were selected. Hence, only job-demand, job control, and interpersonal conflicts were investigated, leading to a limitation of this study. productivity loss [26] [27] [28] . The WPAI-GH comprises 6 questions that seek to determine the extent to which general health conditions affect personal work productivity and daily life. Six questions of WPAI-GH ask the patient the number of hours missed from work or daily activities in the past 7 days [27] . Respondents are asked to indicate the extent to which their health problems have affected their work productivity on a scale of 0 to 10 that represents impairment percentages, higher numbers reflecting more impairment and loss of productivity [27] . For this study, the existence of presenteeism was indicated when participants reported that they experienced presenteeism during the last one week and rated their working impairment a score of more than 1 point. On the other hand, the absence of presenteeism was indicated when participants reported that they had not experienced loss of productivity due to health problems in the last one week and if they rated their work impairment as 0 [21, 29] .
Statistical analysis
In this study, all statistical analyses were performed using the SAS 9.4 program (SAS Institute, Cary, NC, USA). Demographic and workplace-related variables were compared between those 2 groups (presence of presenteeism vs. absence of presenteeism) by χ 2 tests or Fisher's exact tests. For this study, participants were clustered by each enterprise; therefore, the database has a hierarchical structure necessarily. Thus, we used multilevel analysis to evaluate the differences derived from the differences among enterprises. Multilevel models can be useful tools when using data with a hierarchical or clustered structure as they allow simultaneous examination of group-level and individual level factors [30, 31] . Usually, people exist within organizational structures, like families or schools. Similarly, workers exist within businesses, sectors of economy, as well as geographic regions. These hierarchical structured data can present some problems, because individuals who exist within one group tend to be more similar to each other than individuals who were randomly sampled. Also, people in the same group tend to share certain characteristics, in other words, observations based on these individuals are not fully independent. This characteristic of hierarchical data can lead to a higher probability of rejection of null hypothesis than if the data included truly independent observations; therefore, using multilevel analysis is needed for analyzing hierarchical data to get conservative results [32] .
The intraclass correlation coefficient (ICC) was calculated by the ratio of the between-cluster variance to the total variance [33] . It indicates the correlation among observations within the same cluster. In the previous studies, when the ICC value was higher than 0.1 (10%), different results were found between standard logistic and hierarchical modeling [34, 35] . For this study, the approximation of ICC by Snijders and Bosker was used: ICC =
where τ 0 is the estimated variance of the random effect of enterprises on the mean and π is the quantity 3.14159 [36, 37] . In our study, calculated ICC was 17.88%, and it was higher than 10%. Therefore, we used hierarchical modeling rather than standard logistic modeling.
For hierarchical generalized linear modeling, we used PROC GLIMMIX statement for the investigation [38] . The significance level was defined as p < 0.05. For multivariable analysis, general characteristics (gender, age, marital status, and smoking and drinking habits), work-related characteristics (permitted sick leave, tenure, job position, occupation, shift work, employment type, and weekly working hours), and job-related stress (job demands, interpersonal conflict, and job control) were used to make adjustments. Additionally, we stratified participants according to the presence of depression, and analyzed the relationship between job related stress and presenteeism. 4/15 https://doi.org/10.35371/aoem.2019.31.e26 https://aoemj.org
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Ethics statement
Printed questionnaires were distributed to the chiefs of labor unions in each enterprise, who recruited participants from their workplaces with their written consent. In total, 30 printed questionnaires were distributed to the 60 enterprises that had joined the Federation. The datasets for analysis were built and provided by the Federation of Korean Trade Unions without any personally identifiable information. The protocol for the current study was reviewed and approved by the Institutional Review Board of Yonsei University Health System (IRB No. Y-2018-0007).
RESULTS
Workers from 59 enterprises finally participated in the research, after one enterprise withdrew its involvement. In total, 1,464 (81.3%) questionnaires were returned, of which those that did not have responses to questions about the experience of presenteeism, job stress, and PHQ-2 were excluded. Finally, 930 participants with 753 men and 177 women from the 59 enterprises who had consented to participate in the research were included. Considering that 1,800 questionnaires had been initially distributed, the final number of enrolled participants is relatively low (51.7%), and is a potential limitation of this study. Although they were from different industries and the final products of each enterprise differed, all the enterprises included in this study mainly dealt with manufacturing and transporting products such as wires, car seats, paints, tires, papers, and food. Most of the enterprises were located close to the cities, except for few that were in sub-urbanized areas or the countryside. The characteristics of these enterprises are described in the Supplementary Table 1 . Table 1 , most participants were men (753, 80.97%), married (616, 66.24%), and in the 40-49 years age group (362, 38.92%). In total, 411 (44.19%) participants were non-smokers, 392 (42.15%) were current smokers, and 172 (18.49%) were heavy drinkers. In total, 792 (85.16%) participants were permitted to take sick leave, whether paid or unpaid. Most had been working at their current workplace for more than 10 years (519, 55.81%); 691 (74.30%) were employees, 159 (17.10%) were managers, and 54 (5.81%) were part of the senior management. In terms of their occupation, 585 (62.90%) participants were classified as blue-collar workers. More shift workers (517, 55.59%) than non-shift workers (413, 44.41%) were included among the participants. There were 825 (88.71%) full-time or permanent workers, while there were only 105 (11.29%) temporary or part-time workers. In addition, 271 (29.14%) participants were working more than 52 hours per week.
As presented in
Job-related stress factors, such as job demands, job control, and interpersonal conflict were calculated and categorized based on the median value officially recommended by the guidelines [39] . Participants comprising the upper 50% were categorized as the higher jobstress group, while the remaining were categorized as the lower job-stress group. In total, 312 (33.55%), 506 (54.41%), and 471 (50.65%) participants were categorized as groups with higher job demands, lower job control, and higher interpersonal conflict, respectively.
The PHQ-2 results revealed that 173 (18.60%) participants scored more than 2 and were categorized as "participants with depression," while 757 (81.40%) participants were categorized as "participants without depression". Chi-squared tests or Fisher's exact tests were used to compare the differences between those who did and did not experience presenteeism among the total number of participants, participants with depression, and participants without depression. Among the total number of participants, statistically significant differences were observed in a few variables such as gender, job demands, and interpersonal conflict. The prevalence of presenteeism was higher in women and those with higher job demands and higher interpersonal conflict. In the "participants with depression" group, significant differences were observed in age, and marriage status while the "participants without depression" group had significant differences in gender, job-demands, insufficient job control, and interpersonal conflict.
Regarding further analysis, we conducted multilevel logistic regression to determine the association between the variables and existence of recent presenteeism (Tables 2 and 3) , and to present odds ratios (ORs). In Table 2 , a simple univariate multilevel logistic analysis was conducted for each variable within total participants, participants with depression, and participants without depression. Technically, higher job demands (OR: 2.92, 95% CI:1.90-4.50), and higher interpersonal conflict (OR: 1.80, 95% CI:1.28-2.55), showed significantly elevated OR. In participants with depression, results showed a significant relationship with a wide CI in marriage status while the relationship with other variables remained insignificant.
On the other hand, participants without depression presented that higher job-demand (OR: 3.21, 95% CI:1.96-5.25) and higher interpersonal conflict (OR: 1.87, 95% CI: 1.29-2.70) had significant OR regarding the presenteeism experience.
Further, multivariate multilevel analysis was conducted by including general and workrelated characteristics (Table 3) . Gender, age, marriage status, smoking history, and drinking habits were included as general characteristics, while permitted sick leave, tenure, position, occupation, shift-work, employment type, and weekly working hours were considered as work-related characteristics. In our study, we set 3 models for demonstrating the associations between job-related stress and presenteeism. Model 1 adjusted only general characteristics. In model 2, only work-related factors were included. Model 3 included both general and workrelated characteristics to adjust and investigate the relationship between job-related stress and presenteeism. These 3 models were used to conduct analyses between the total number of participants, participants with depression, and participants without depression.
Regarding all participants, higher job demands and higher interpersonal conflict were significant in every model. In the final model, OR of higher job demand was 3.29 (95% CI: 2.08-5.21), and that of higher interpersonal conflict was 1.87 (95% CI: 1.29-2.71). That tendency remained among participants without depression. They showed significantly elevated OR in job demand and interpersonal conflict in every model, while insufficient job control showed insignificant relationship with presenteeism. Among participants with depression, job-related stress showed insignificantly elevated OR.
DISCUSSION
In this study, we tried to demonstrate the association between job stress and the prevalence of presenteeism among workers from multiple enterprises, with stratification by the presence of depression. Using self-reported questionnaires, we collected data regarding general characteristics (gender, age, and marriage status), work-related variables (tenure, occupation, types of employment, and etc.), and psychosocial variables related to job-stress and depression.
The research results reveal that job-stress, especially higher job demands and higher interpersonal conflict, are highly related to the prevalence of presenteeism, and job-related stress is significantly correlated to presenteeism among participants without depression.
Association between job-related stress and experience of presenteeism among Korean workers
Presenteeism is reportedly related to stress according to preceding studies [20,40-42]. Job demands can overtax an employee's mental and physical resources, and help to make decisions about attending work while sick [12] . Previously, Oh et al. [29] reported a relationship between presenteeism and high stress; moreover, the tendency between presenteeism and high stress remained significant in the subgroup analysis for blue-collar workers. Another study by Ryu et al. [21] , investigated the relationship between job-stress and presenteeism among Korean railroad workers. In that study, significantly elevated ORs were reported in the highest job stress group and high-risk psychosocial group [21] . Further, in our study, higher job demands and higher interpersonal conflicts were significantly related to presenteeism.
Another Korean study that investigated the association between nonstandard employment and presenteeism showed that nonstandard employment could increase the risk of presenteeism in short-term subcontract workers (OR: 1.29, 95% CI: 1.04-1.60) and long-10/15 https://doi.org/10.35371/aoem.2019.31.e26 https://aoemj.org Association between job-related stress and experience of presenteeism among Korean workers term subcontract workers (OR: 1.63, 95% CI: 1.12-2.36) [43] . The current study did not show significant differences between employment types; a future study with a larger population and more specific questionnaires for work-related factors may help to better understand the effects of working environmental factors on presenteeism.
In the field, there are several kinds of presenteeism scales such as the Stanford Presenteeism Scale (SPS), and the Health and Labour Questionnaire (HLQ), among others. While the WPAI-GH form asks for information regarding presenteeism in the past one week, the SPS asks for presenteeism occurring in the past one month, and the HLQ asks for presenteeism occurring in the past 2 weeks [27] . The difference in the recall periods between presenteeism instruments induces differences in recall bias [4] . With that reason, simple comparisons of the prevalence of presenteeism between studies can be limited.
Therefore, we mainly compared our results with that of 2 previous studies that used identical methodology to define presenteeism. One study reported the prevalence of presenteeism to be 47.8% among employees of an electronic enterprise, 46.6% of whom were blue-collar workers and 50.7% of whom were white-collar workers [29] . The other study reported the prevalence of presenteeism to be 52.0% among Korean railroad workers; 55.5% comprised the higher job-stress group and 65.6% comprised the high-risk stress group [21] .
In our study, the prevalence of presenteeism was 77.74%, which was higher than that of preceding studies. The survey was conducted at the workplace; therefore, participants who were on sick leave and did not have presenteeism were understandably excluded at the survey step. Also, the survey was distributed to and collected from participants who agreed to and volunteered for this research. This study also received a strong backing from the labor federation and the chiefs of labor unions in each enterprise. Thus, workers who were eager to improve their workplace and who were more sensitive to their working environment could be recruited more easily than in other studies. This might have resulted in the exaggeration of the prevalence of presenteeism in their working environments.
The prevalence of depressive symptoms was 18.60% in this study. A previous study that used PHQ-2 for investigating depression among Korean farmers reported a prevalence rate of 12.5% for depression [44] . Another study that used the Center for Epidemiological Studies Depression to report depression among immigrant workers in Korea reported a 47.3% prevalence rate in the higher job-demand group and 32.0% in the "normal job-demand" group [45] . Considering the reported prevalence of depression and the validation results of PHQ-2 and its cut-off value [24] in previous studies, the prevalence of depression in our current study is quite relevant.
Moreover, job-related stress is usually defined by 7 different aspects such as physical environment, job demand, insufficient job control, interpersonal conflict, job insecurity, organizational system, lack of reward, and occupational climate [46] . However, when survey researchers underwent the pilot-study, most workers refused to answer the full questionnaire of the KOSS. Therefore, only job-demands, insufficient job control, and interpersonal conflicts, which were thought to be highly related to job-related stress, were investigated. Future study designs should employ the full version of the KOSS and ensure a supportive investigating environment to better understand diverse working environments and full aspects of job-related stress. 11/15 https://doi.org/10.35371/aoem.2019.31.e26 https://aoemj.org
Another limitation of this study is the low response rate to the questionnaires (51.7%). Returned questionnaires were 1,464 (81.3%) of 1,800 distributed papers. However, 534 questionnaires were not appropriate for analysis due to missing values regarding important variables such as presenteeism, job-related stress, or depression. The questionnaires were distributed via mail to the chiefs of labor union in each enterprise, and collected by the chiefs and sent back to the researchers by mail. During this process, researchers did not have a chance to contact actual participants, but only chiefs of labor unions, who did not have adequate background knowledge to explain the questionnaire and encourage workers to complete the questionnaire. Thus, incomplete questionnaires were excluded, thus lowering the response rate.
Despite the above limitations, our study demonstrates the associations between jobrelated stress and presenteeism using multilevel analysis for better accuracy. There was no significant relationship between job-related stress and presenteeism in participants with depression group. In the previous studies, researchers hypothesized that patients with depression were able to show diminished emotional reactivity to both positive and negative stimuli. It is called as "Emotion Context Insensitivity" which often features perceptions of the world as dull, flat, and empty [47] . With this hypothesis, workers with depression in this study might be a little insensitive to the job-stress or their surrounding environments. In the similar context, Cocker et al. studied the factors related to presenteeism among workers reporting life time major depression, and they found that no ORs of work-related factors significantly elevated upon experience of presenteeism [48] . However, it is difficult to conclude that job-related stress is not an important factor affecting presenteeism in people with depression. To demonstrate the relationship in depression group, future studies with a larger population and less bias are needed.
CONCLUSIONS
It is suggested that higher job demands and interpersonal conflict are significantly related to presenteeism. Therefore, our study results suggest that management of job-stress including lowering job demands and interpersonal conflict is an important strategy to reduce presenteeism in workers. To overcome the limitations of our study, a future study using a larger population, more accurate study structure, and specific definitions of psychological problems such as depression and that fully evaluates job stress is needed to demonstrate the relationship more precisely.
